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‘1’hc scconcl dcc[)-space advanced [ccl mok)gy validation ulission in NASA’s Ncw h4illc.nniun) PI ogl am will
dc.lnonstratc p]anclary I[]icro{)cr)clratc)]-  tcc}molc)gics. l’wo lnic[oi)robcs,  cacll consisting of a very low-mass
acl OSIICII  and pcnct~a[o]-  sys(cm,  arc planned to launch in January 1999 and alwivc al Mars in IJcc.cn)lm,
1999. ‘1’tlc ‘2 kg p]obcs  ballistically enter tllc mal tian a(nmspllcrc  and passive.ly orient thcmsclvcs to mc.ct
peak bcaling anti impact rcquircmc.nts. LJpon impacting tlw ma!-tian surface, tl)c pl obcs will punel) through
tl)c cn[ry ac] oshcll and scparalc  into a folc and aftt)ody  syslcm. ‘J’hc. forcbocly will reach a Ctcptl)  c)f 0.5 to ?.
l])ctcrs,  wlli]c  tbc afthody will remain on [hc surface fol- col)~[])llllic.atiot]s. 1 iach pcactrator  syste.n) includes
a sui(c of highly Tniniaturim.d  col])poncn(s nc4xic4i  for futu]c miclopcnctralor networks: primary baUcl-its,
power c]cctlonics,  conlto] and data Imndling  microclcctmlics,  tclcc.c)][lll]l]  tlicati{)l)s cquiplncnt,  an ante.nna,
;in(i a scicncc payload package. ‘1’ilis [)al)cl will sum~lta[ iz.c kcy features of tt)c inicroprobc mission atKl
syslcm dc.sign, as well as cliscuss ttlc (cchnologics  p[oposcd  fot ftigllt.

IN’1’ROI)UC’l”ION

‘1’bc Mars Microp]obc Mission is the scconcl in a
series of Ncw Millc.nnium Program (NMP) deep
space missions. ‘1’bc goal of the NMI’  is to
I c.volutioniz.c, NASA’s space progl  am to ac.l)icvc
exciting and frequent missions in tllc 2 I S[
Century 11)1 ougll:

● lkvclopit]g  and validating
revolutionary tcclmologics.

● Rcduciag dc.vclopmcnt  times and life
cycle Illission cosls,

● linablirlg Iligllly capable and agile
spaccm aft, and

● l’lomo[ing na[ionwidc teaming :ind
coordination.

IT) particular, tt)c ot)jcctivc f o r  t h e  Ma!s
Micrq)mbc  Mission i s  1 0  (icmonstratc kcy
tcct)nologics  which will enable fulum nctwok
scicncc Inissions,  Networks have t)ccn identified
as essential to understanding dynamic ~)lanct[iry
Syslcms. lixamp]cs i nc lude  a  nclwmk  o f
I)R:SSIII  C SCI)SOI-S  tO (Ic(cr[]] jnc :l[l])ospt)crjc

dynal]lics, and a nclwolk of
SOIVC fol intc.rior structure.

‘1’0 cicnmnslratc.  network

seismic stations to

tc.chno]ogics, tllc
Micl olml)c 1’1 ojcc{ will dcvc]op  two probes fm
dc.~~loytllc.nt at Mars. LJpon  anival at IIIC  planet,
tllc I)lobcs  will acqui]e crlginccling data during
cnl I y, o~xm ate, tbc pl obc payload, and relay
c.nginccring  and scicncc data to an orbiting
S]);ICCCI aft aftc.r i]npacl.

1 iactl p] obc fiigl)t  systc.)n will demonstrate a nom
abla[i\,c single-stage qlnlos~)hclic  entry, highly
intcgl titc(l ]I)ic[ oc.lcctl onics whicl) can witbsland
I)otll lo\v kmpcralutcs  aIId higl] dccclcrations,  and
iwsitu sut)sul-face scicncc instruments, III

a(ldi[iorl, ttlis missiotl will provide all
o~)})ol-luai(y to captul c ]I)caningful  scicncc  data.

“1’ccl)nolor,ic.s  a])l)]  ovcci for this flight have bcm
sclcctcd floln ()]lgoing nat ionwide tccbnology
ploglallls. “1’hc.sc  tcchno]ogics  a r c  b e i n g
dc\’ck)p Xl for fliglll i n  paltr]cl-sllip w i t h
govcll)lncllt :igcne its, industry, nonprofit
org:il]izati(ms  al}(l acadctnic institutio~ls, “Ihc



I)u[lmsc of tlm NMI’ is {o validate [IKSC
lcc}lnolof:ics  s o  that future  scicncc  II]issions  ma
plan fw (Ilcir use. witlmut assuminp,  tl)c 1 isks atd
full costs associa(cd  with lhcil dcvc.lol,rtm)t  arKl

I_]rs[ flight.

AC(:ohfihloI)AI’  loN CONS’1’RAIN’J’S

IWc (o tbc unique na[urc  of this mission, tt)c
Micloplobc  I’lojcct is subject to \~alious cxkxnal
IIlission  conshainls as dcscribcd bc]ow:

l;i] St, tbc. probes ll:ivc bcca given a “conditional
payload status” (o launch onboard tlic 1998  Mars

&I IvcyoI  1,andcr  sl]acc~~af(  in Januat y  1 9 9 9 .
1’1 iol to launch, a “po / no p,o” decision fc)l
]auncll will bc given subject to (1w Mars 1998
1 ,andclr’s  ability to accommodate the additional
J)l”obC SyS(Clll  lllaSS. ‘1’0 minimim  Ibc ilnpac( on
tlm 1998 Mam 1.anctcr,  the following aglccrncnts
have been made:

1 )  ‘1’WO  pi Obcs  w i l l  bc IIK)LllltCd  01) t b c
1 -andcr s[ack in a balanced con figur a(ioa
(lo minimim  [tic impact [0 (tic 1 ,andm if
tlm pmbcs  arc not launcbc.et),

~) “J’}Ic.Ic will bc no clcctric:il  inlcl faces
bet wc.cn t Ilc pmbcs and tbc 1 ,andcr fl iglll
systmn, anti

3)  ‘1’bc  prot)cs  wil  1 not require spin
stabilization upon Iclc.asc.

Scccml,  the Micr opmbc Project is CUI I c.n[ly in
negotiations with tlw Mars (31cha] Sut vcyol-
l’mjcct  to relay data fl om Ilm probes to C.al-(ll via
tbc Mars Global SuIvcyoI-  (MGS)  Spacccf aft.
MGS, wllicll launcbcs fol Mars in Novcnlbcr,
] 996, incluclc.s a Mars R e l a y  (Mk)
c{~lll]lllli)icatic)ll Systcln which is cu[lcnt}y
p]annccl  to bc USC(I to lclay tbc 1998 MaI-s 1 :indcl
spacccmft  data, ‘1’tlLIS thC pI”ObCS  lllUSt  bC
designed to bc boll] colnpa(ib]c with unique h41{
colilltltll]icatic)ll fca(uws, and non-i ntcrfclinS will]
1998 Mats 1,amlcl da[a lctu[m.

M1SS1ON OVICRVIKW

I .aunch a.fld<>luisc

‘1’hc 1998 Mals SLwvc.yol- 1 WKICJ spaccci aft will
bc launct]cd on a McIMnncll  lkmglas  Mc(I-I .i{c
(Ik.lla It 7325 confiSutalion)  dulillg a 20 day

kiutIclI ]ICI  iod wllictl S])ans I) M’CIII1)CI  1 9 9 8  /
Januaty  .1999. ‘1’IK 1 .andcl’s ty[m 2 tfajcc~my
wilt result in ar[iv:tl at llIL! Id planc[

a])p]  oxinla[cly 1 1  IIIonll  Is lalct in Ikcctnbct
1999 will] a talgct of 71° S latitu(tc.  ‘lhc arlival
paI alllctcrs  al c dc.sigllcd  t o  {al  g,ci tbc.  ]I)arlian

l’olar 1 ,ayc[cd “J’cl[ain (f’] .’1’) in spring, wbicl) is
of sigliiflcant scientific intclcsl duc to its role as
a [cmrvoir for water and otl]cr vc)latilcs on Mars.

“I”t Ic Inicl  oprobcs arc attached to tl}c.  1 .an(lcr  m]isc
sla.gc ill  a  balancc(l  cotlfiguralion  a s  stlown  i n

l;igurc 1. ‘I”tlcrc arc no electrical intclfaccs with
Illc 1 .andc]  or c1 Lli SC s[agc, and llIus IIlcrc is no

corlltlltt[licalion” wi(b tbc pml)cs from installation
on (Iw pad until data Ictay af[cr impact.

l~igarc  1: Ckmc shaped nlicl  o[m)hc  nmatl(cd  cm t hc
1998 Mars Surveyor crLlisc  ring; second
p[obc is on opfmsi[c side

Upon arrival at Mars, IIIC 1998 Mars I mdct
sc.par atcs from its c.r uisc rin~ approximately 250
seconds prior to Mals  im]mct, ‘1 hc. force of
scpar ation i nit iatcs mc.cbanical pyres which in
turn  scImTa[c tbc prohjx front Itlc cluisc r ing,
approxinl:itc]y 7 scconcls lalcl. ‘1 hc microprobcs
al c lio( sl)ir} stabilized upon I clcasc from tllc.
1 ,andcr  cr aisc ring.

ltIt ty, l)gcwut. afl_cLl_,a[rding  (!I)!J

IICCXILISC  tllc micl oprobcs  t lavc no active control,
a t t i t ude  dctcrlninaliont propu]sivc  systcrn,  o r
spin stallitiration,  tbcy will bavc a random
o r  icnta(ion and possil~ly a slllall ini(ial tumb]c
Iatc. Af(cr leaving lIIC ctuisc sta~c
(:i[)l)rf)xilll:itcly 110 kIII abo\c  II)c sutfacc), lhc

‘)
‘
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Entry = 300 scc:

\

Micmprobo cruise separation
TurrI on data syston}
Spawcrafl  separation <0.2  ntis
Passive atmospheric orientation

Mlcroprotm:
\E ntrv velocilv. 6.9 -7.3 kr!] \

E nby Ihght P;UI angtc = -14”
Lnlry  temperature = 2500 “C Parachute deployment

dura!ions 1 n)in
flux = 200 W/en?

Max g <20 dc-acceleration

Terllrinal descenl

Landing velocity = 150-250 n~s
Irnpac! flight pa~l~ angle >55’
Angle of allack  c G “

At@cly: Soil rating (S) = 5-15

Max g <50,000 do-a Landed mass = 1.? kg

F’anetration deplh <5 cm

-.

Max g <10,000 de-acceleration 98 lander sofl landing <2.5  m/s

I’tmclration  dep[h = 0.5 to 2n1 Landed mass. ?30 kg
L! fclirilc  .14 clays

F’igurc  2 : M i c r o p r o b e  Itntty, l)csccnt and 14anding  S c e n a r i o

. -  — - ——..————. .—.. ——— —

nicl opmbc.s will passivcl  y orient tbcmsc.lvc.s  10
nc.cf both hc.sting and impact rcquilcmcnts.

J’lIc  Inicrqnobc IiI)I, syslcm is sing]c stage froln
atlnospltcric  e n t r y  until  i]npac[. “J’bc nol)-
ablativc  ac.rosbcll bas tbc tl]cl mal capacity 10
w’ilhstand tbc beat of entry (300 W/cm2) without
nla(cl ia] dcslruclicrn,  thus plovicling  a Sisnifican[
mnss advan(agc over tradiliunal acrosbcll designs.
‘1’k ac.r oslwll  will bc cal i ic41  to the surface, arKl

wi I 1 shal[cr itpon irnfmcx  ]caving, tbc pcncka(or
af[lmly clear for corljtl]llrlicatic)lls  with Ibc h4GS
Spaccclar(.

‘1’IIc rnicl opr obcs arc cxpcc(cd to Ili( tbc sulfacc
wi(ll an impact vcloci[y of 150 to 250 m/s, an
impact flight path angle > 55°, and an angle of
attack < 6°. Upon impact, tbc. pcnctra(or will
separate into a fore and aftbody that arc. conncc(c41
via a cable systcrn. ‘1’tlc  fordmdy  is cxl)cclcd  1 0
pcnctratc  to a dcpl}) of 0 . 5  to 2 III fol- s o i l  lypc.s

(I)at  wu y fl m)) f] rrz.cr-soil  10 vcr  y 100 SC” finc-
p, I ainc(i  soil, ]cspcctivcly.  It IIIUS( also withstand

a peak rigicl body slmck  of up to 10,000 ~’s. ‘J’hc
aftbocly  is clcsignd  to Pcnct]  atc to a depth of up
to 5 cm, anti wihstand  a peak  rigi(i  Imdy shock
of < 80,000 g’s.

An illustration c)f tbc micropmbc  liIJ1.  phase is
~,ivc.n in };igulc  2.

f)pcratio~ls

I’hc forcbody of IIIC rl;cropcnctrator \vil I include
a  rllicrocont[  ollc[, Imwcr clc.ctmnics, at Icast 3
accclclmlclcrs,  a subsurface salll[~ling/water
dc.tcclion cxpcrinlcnl  and at lcas[ 2 tc[lll)claturc
tmnscluccm, ‘1’lm forckxly will wcigb less than
9(K) g, and its isotbcr lnal tcrnpcra(urc may ]angc
ft orll O 10 -110° ~ depending on tbc tllc.rjllal
irlcrlia of the soil at tlw landing site.

‘1’lw aftl](x!y w i l l  il}cludc litbiuln battmics, a
I[licrotclccc)) llrtl[llli catiorls” syslc.rn including an
antenna, a ]llc.lcorc)lo~,ic:il”  pressure sensor, ‘wd
cwnductivc f i n s  f o r  radia(ivc  llcatin~ o f  tllc
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batkxics. ‘I’hc.  afttmdy will  wcirl~ Icss (km 4(K)
g,, arid ils lcIIIpcIalLIfc wi l l  Iaagc flo]ll +1(I 10 -
85 °(I{]\cr( J1~cll~artiarl(  lay. Aaovc.rvicw of the
Imsl. ililpact ]Jrol)c  con figuratior~  i s  givca ill
l;igulc 3.

Ifpoa iml)acl.  [IIC dccclcralicra  fot-L’c  of IIm l)IOIW
w i l l  dc])loy  a U}]]: alilc.rlaa  ad Iadiativc  fiIIs (m

llIc afltmly. Soil will also fall ialo lIIC Icar of
(]IC fOICh(K[y  aad bc caphmxl  ia a collcc(ion
Cllalnl)cl  . A  clmckout  proccdmc  wi l l  [I)ca k
pc[forlnc(lfw  \,crificatiorJ  ofprot)cllc2il[tl.

‘1’() ]niai]l]i?c  I)cak p o w e r  rcqui(cllwats,  il)c,

s: l l l l l ) l ir l~/\\’ale]  (Ictccli(m  Cxpclilllca(  will Ix.
l)ctfo][  ]]c(l\\’illlit]30  miaulcs  af[ct  il]lpac[,  wt)ilc
llIc forclmly  i s  slill w a r m  f]oltl  atli)ospllclic

Clllly. ‘1’l]is cxj)cri]ncnt is dcsigac(l 10

clau  :ic(cl izc Slllml face. so i l  cml~posilioa t )y
ttlcasaliag Illc tcmpcralum  al which w a l e r  i s
Iclcascd.  ‘1’llis isaccompliski  by slowly Ilca[ias
a 100 I])g soil sample in 10° (2 iactcmcats,  rrIKl

tllcasulin.g walm v a p o r  cwatct~l usiag a ‘1’uaal)lc

l)itdc  I.asci (’1”1)1,). IMa collcc[cd w i l l  k
flllclcd  aad slmed ia {tic llliclocol~lfollcl  fm
nlul[il)lc  Iiar)sl])issi(ms  t)ack to caIllI.

‘Jllc pI()})c w i l l  a l s o  collect  lcmpclalurc  aJKl
lMLssaIc IIlcastllctncrlls cvcIy tmur for  tlIc catirc

Iwimaty  laission pllasc, wtlich  is the first two
sols. [:ollcclioa  of [I}csc.  measure.rncats will
corltiaac (hloagtt a  tcalalivc scmaclaly Inission
]jliz\sc \*}licll\ $illc()r~tirt  Ltclltltilll icpr()l)c batlcty
i s  dc[)lclcxl (al~IJtoxitllzi[cly 12 addilimal days).
‘I”llc :iftb(Kiy  PIcSS1l IC scasor w i l l  plovi(ic
lllc[c(~l{)lc>~,iczil daia. ‘1’w!o  tmnpclatmc sensors
lnoaalcd at opimilc cads of the forctxKly wil l
lJlo\,i{lc 1x)11) s o i l  coaduclancc  iafmnlation  WKI

Crlp.illcctiag slalus.

l):lt:tll:illslllissi(l~ls 1(~’(llc orbitiag spaccctafl :UU
lll:ill[lC’(l l[Jl:lkc])l:Icc4 lilllc’s(lLitillgtl]c  filsl t\\,o
sols, an(l otlcc a w’cck  ll)cr~’after. liacl] Ulll;
{Iatlsl[lissioa scssi(~[l  iclays aI~])loxilnatcly  6 4
Kt]y[cs ofdata  at all zi[)[)loxitlla~c  7 Kt)itis  rate.

“I’tlcs]ltiuccrafl  t~ntlciicsatc dcsigacd (0 opcla(c at
lcasl 50 Imu]s sad, as a goal, up 10 2 weeks in
tllc cx(lcl)}c Illaltiaa tllc; trial caviromncnl.  ‘1’llis
assu  IIIcs a ? W [)ca~  pmvcI I(N the OIIC tilnc 2 0
tlliau[c rkcculi(m  (}1’IIIc  s:lrlll)lillg/\v:itcr  dc[cclioa
cxpciitl]ctl[, ao.5  W peak po\vcr  fot cacl]dala
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l~igulc 4 : NM1’  “1’ccllllologly Sclccfioll  l’uscess
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lownlink,  ancl  a 1 to 2, II)W quicsccnt  p o w e r  f(x in nature,  andlhc  risk  rcclLlclion  oJTctc41  t)y f l ight

n(m.  ol~claling mocks,

‘J’ItC11NOl,0(3Y  SIC1.EC’J’JON
1’ltO(:ltSS a n d  NIANAGJtiVlltN’1’
AI’I’ROACII

‘1’IK Nh41’  organi~,ation i n c l u d e s  lntc.g1iitc41
l’loducl l)cvclopmcnt  I’cams (11’IY1’s)  wl)ich  aru
conlprisccl of technology expel-ls from inctus(l-y,
academia, NASA and other govcrnnlcmt  centers.
‘1’hc six NMI’ 11’D’1’s arc liskd  bc.low:

● Au(cmo]ay
● Mictoclcctronic Systc.ras

● ll~stru]]~cl]t’1 ’cchI~ologics and Architcc[urcs

● III situ lns[rumcnts  and hficroclcc[ro]~  ~cctlarlic:ll
SySWIN  (hfliMS)

● C’t,r]]rl]lrrlicatiorl  Syslcms
● Ntodular and hiultifunctionirl Sys[cms

IiaCll 11’IYJ’  l}as Cs[ab]isl}cd a “loaclnlap”, or
lJmcd  lcctmology  dcvclopir~cnt p l a n ,  wllicll
dcfrrlcs Illc cur-rc.nt  s[atc of II]c  technology, ttlc
lcclrno]ogical goals for the 21 st ccntur  y, and
lnilcsloncs 10 achicvc llmsc (cchnologica]  goals.

}k)r e ach  NMI’ dcnmnstra(ion  f l i gh t ,  11’lYI’s
mcommcnd  specific tcclmologics  fol flight
val idat ion.  l{ach tc.ctmology is Il)cn given a

value for its long- lc.rrn illtpacl on scicncc lclurn
and cost, IIlc. dc.gIcc  to w})icll  il is revolutionary

validation. ‘1’l)c Plogtarrl Officc, wi[tl i n p u t s
florn  ll]c liligtlt “1’carll, Scicncc Working Group
(SWG) and Scicncc Advisory ‘J’caln  (SA’I’),  (hen
considcts IIlc ([)lal value of d i ffcr  ml
cmllbinations of proposed tcchno]ogics  along
with t}lc scic.ncc value for that flight.

Plograrnrliatic and fiscal issues car c also
cmnsidc.rcd  k) y the. Pi ogi am Officc before. a flight
tccllno]ogy SC( i s rccomrncndcd  to N A S A
1 Ic.acfqual ic.rs for aplmval.

Afic.1 a technology is sclcctc41 for flight, tlmcc
“Sate.s” at c ncp,otiatccl  hctwcc.n the. I 1)1) ’1’ and tllc
IUiglll ‘1’cam  which CnSUJ-C [imcly delivery of that
tcchno]o~,y fol flight. ‘1’hc three gate.s which
n]ust  bc pawed for flight acccplancc arc given
bc]ow:

Gak 1 ‘[ ’ccllaology Rcadinc.ss Review

Gate 2 Kcy Iccliaology tlardw’arc/sof[  Mf:irc
dclllorlslration

Gate 3 SyslcIII  hardware/soflv,,arc
dcil]onstl ation

‘l’hc managclocnt  approach for each technology is
cicpcndcnt on tllc conscqocacc  of that tcctlno]ogy
failins to [)ass a readiness gate. l;or the pur[msm
of dcscr il)in~ lt]is approach, each lcctmo]ogy is
assigned a ca[cgo]”y ranking as slwwn in ‘1’al)]c 1.

5



‘1’able 1: ‘J’cctInolo~y GitcgoI  ics

-:..— --------  ..-.....--.--—  ---------  . . . . . . . . . . . . . . . . . .
[. ZltC$’JMy Role of Crmwqucllm’  of l: IIIUIC

1 Cchnology 10 l’aw Gale.. —.. —- . . . . . . . . . . .

1 Itssc[llial I’os[prmc  o r  rcdcflnc
II)issioll

11 Jkndrrolcntal Substilutc slalc-of-ltlc-
crrt lcchnolosy

111 linhancing }ly wilhrrul Ihc
tcchnolr)g,y

(htC~Ol  y 1 hhO]O~iCS  [II-C giVCl)  fll]l  fligh(  [C~ll  I

manfrgclncm(  ovcrsighl  including status updates.
Ca[c.gol-y 11 kchnologim  :uc g i v e n  m i n i m a ]
flight team supervision, wilt) (Iw (Ilrcc-gale
sclmlulc sc.t 10 cnsu[c Il]at dC4]Ua[C t i m e  ad
rcsourccs  arc available 10 substitute. an cxis(in~,
Icct]rrolc)gy i f ncccssal y. (~atcgory  1[1
tcclmologics arc also given minitllrtl  flight team
suJJc.rvisicm, with tbc ttucc-gale scl)cdu]c set [0
Cn.sut c the tccbno]ogy  is dclivcrcd for spacm afl
integration ancl Icst only.

An OVCI  view of (he. NM]’ [ccbno]ogy selection
process is given in l:igurc 4.

‘1’llis section dcsclibcs  Ihc Iccllnolcsgics sclczlcxi
and apl M ovcd for flight by NASA } ]cadquarkrs
fcw tlm Mars Micmprobc Mission. It also
dc.scribes wl]y each technology is exciting for
2 I SI century scicncc.

NcJn:AIJ:~livc Siw&:StagGI~IItI  Y Ac.ros!lc!!

l’hc mic] oprobc will employ a single-slagc-to
pcnctraticm cnlry system wit]] no dcp]oyablcs,
sla~cs,  active control or propulsion. ‘l”his
sys!cm will self-orient itself upon atmospheric
entry ptior 10 peak heating. ‘1’hc acroshcll  will
bc made of a non-ab]alivc  Ilcat shield malctial;
possil)le candidates inc]udc a l-cfractm y metal
silicon carbide or carbon-cal  bon, An inside laycl-
of carbol] foam will provide additional thcnnat
J}rotcction to keep tbc aft and fot c.bod y cool. ‘Jhc
7 0 0  g acl ost)cll syslcm wil I bc clcsigncd t o
sllatlcr upon impact.

LJsing a non-ablative n~atclial rcprcscnts  a mass
savings of 50% or mole over conventional
thcl-lnal protection syslcm tcctlnologics,  It atso
rllinilui~cs act othrmnal awl aclodynamic
analyses. lksigning a passive rc-orientation

systclll simp]iftcs  tllc attachlncnt and dcploylllcnt
s[ratcgy with tl)c 1998 Mars I,aldcr  Spaccctaft.

———~—./
};l~llrc 5: }’assivc Rc-oricntatirrn  Systcm

~1’cl~collllllllllic~it ions Ml~t~sltt~sys[cl])_.__. wit!!
j!ic)gralllllmt) lc~l’ratlscciyct

‘J’hc prot)c (clccolnlnunications systcm w i l l
incluctc a  progranmablc transcc.ivcr. ‘1’his
dcvcloplllcnt  i s e x c i t i n g  bccausc of its
multi t[]ission  capability, wt)icl) can bc used for
any nmdcra[c  rate/range l-clay for bot]l cal lt] and
space applications. ‘1’hc t[ansccivcr
In c)gl-:irl]l]lat)ility c.x[cnds to tt ]c. data rate ( 1 bps
to 5(JO Iibps),  tllc modulation forll]at (l~SK or
1’SK), and the lccc.i\c/tTal]s[~~it frcquel)cy  (380 to
480 MIIz). ‘1’llc ]Ilicrosllt)systcltl rcptcscnts  a
100x reduction in ]nass over cu[lcnt spaccclaft
tclccc~ll]l]lllr]icatiotls subsyskrns  (< ] [) gin). and
occupies a very small volul]lc (< 8 c]I}3)

,--------------  --------
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Jii~urc 6: Microtclccc)tr] l~~llrlica[iol~s (’onccpl

!’owcr MiLI oc~.~~~~~[li~s: __&fixcd I)igital ZUKI

&jalog  ASICS

‘1’hc Iuicqmbc powc.r  control, regulation, and
distribution witl bc opcra[cd via ]l]icloclcc[ro~lics”
that  usc mixc.d digitat/ar}alog  ASICs. Mixc41
dip,ital/analog ASJCs tc.plcscnt a n  e x c i t i n g
extension of the ~ltirliatlll-iz:llic)ll actticvcd by ttlc

(r



d ig i t a l  clcclronics  indust ry  in  tlIc lasl  quatlcr

CC. IItUI  y. ‘1’his powcI-  systcm will usc (:M O S
ICchnok)gy will] very low tctnpcra[urc.
capabili[ics. ‘1’his  Icchno]ogy is useful for a
sui(c of applications including any ttigt] dcnsi[y
sensor, instmmcnt,  ol assclnbly.

‘1’llc  lnic( op~ obcs will incIudc an 805 I -bawd dala
acquisition ancl conllo] systcm wil]l modest da(a
procc.ssing  capability. ‘1’his nlicrocontrol]cr  is an
8 bit processor  wi[h 64K RAM and 12tiK
1 ;lWRC)M. l’hc systcm is designed for both vc}y
low power (< 50 mW at 1 M}I~,, 1 mW sleep
mocfc)  and small vo]umc and mass (< 8 cc, 30-90
g). ‘1’hc microcontroller systcm will also include
an intcr[lal 12-bit 16 charmcl  analog to digital

convcr[cr (AI)C). Bccausc t h i s  systcm h a s
lnultifunctiona] applications, it will bc dcvckyY4i
and funded by a consortiun~  of govc.rnmcnl  md
industry pal tic.ipanls, I’olcnlial applications for
[his Ii]iclocontro]lcr  include. any small sys(cm 01
;I)S([LIIIICII[ including micropobcs, :iclualors,  arKi

health and status moni(ors.

lJl![a 1.ow ‘l&ll]~ratllIe,I.ijtliulll  I’rin]ary]]atte]y

l’robab]y [hc m o s t  challcrrging aspc.c(  of t h e
micloplobc ctcsign is the tcquircnmnt [0 sol-vivc
tllc SCVCJ c mar[ian  thermal environment. With
help f[ o])] conductive aftbody fins, [he. bal~c.rics
arc likely to slay no walmcr  than -60° ~. 1’o
sm vivc this cx[rcmc, 1)011) Iilllitllll-tl)io[lyl
chloride and li[hium-carbon  monofluoridc  battery
chc.nlish ics arc b e i n g  consi(icmd. Ihc
]nicropr-ol)c  primary ba((m-y  will bc designed for a
6-12 V range and a 3 year sl]clf Iifc. ‘1’hc  bat[cry
will also Ilavc to withstand a worst case 80,000 g
rigicl body slmck c.r~vironmcnl.

1,OW tcInpcI a[urc bat (cry tcctmolo~,y is cxtrcmc.fy
uscfol fo] Mam landers and 10VCIS :is WC] I a~
other deep space missions. II also has
comlncrcial, 1>01>, and 1X)11 applicrr[ions.

E!cxiblc lnlxLCcmlLccms .fOr_Sys(cl[l_~at~ling

‘J”hc microprohc’s  h igh shock and vibl ation
cnvitonmcnt  presents a challcngc for sys[cliI-
Icvcl packaging. Onc packaging apl)roach lliat
will bc dcrnons(ratcd  on [his mission is flcxihlc
irl(crconnccls  for systcrn-level cabling. Iilcx is a
Kap(on  bmcd multilaycr c i r c u i t  cmiicx ml

inlcrconncc( [Cchnology. ‘1’hc fkx  cilcuits oscd
rot lI]C pcnclr  alot  w i l l include clcc[r ical

in(crconnc.cts  bctwccn Kapton laycls w h i c h  arc
f o r  IIlcd w i th  a  patcn(cd  anisolropic. bondin~
material  Illadc of Il]crlnal g]uc matrix with
crnlmldc41 solder hal Is. ‘1’his  bonding lcchniquc
can wi[}lstand (c.rnpcra[urc  cxtrwncs  and can bc
LIscd to atlach surface mount parts using rctlOw
solder. ‘1’his approach provides urlparallclcci
bcndinp,  flcxibi]ity  and oxidation rcsislancc, and
is applicable to any luicro sensor, assembly, or
irls[rurncnl.

lilcc[ronics  Modu]cs

I;ig,arc 7: I’lcxiblc Ir)\crconrrcct

ihle
Onnect

for Syslcrn Cablinp,

A suhsurfacc samplir@watcr dctcc lion
ins[rumcnt  has bc.cn chosen as tl)c primary
scicncc  insh  urncnl  for the microprobcs. ‘Ihc
]Irirnary  Jmrposc  of this  instrument is to
ckmonskatc subsur face sampling capability.
‘1’tlis salnpling i s  ac~olnplishcd  a s  s o i l falls
passively into tlic.  hack cncl of the forcbody  rmd
ill[o a small collection chamber upon illllm:t.
‘1’l]c secondary puqmsc of (his cxpcrirncn( is [o
dclcc[ icc andk)i absohccl  w a l e r  i n  IIIC s o i l
collcctccl, with a goal of identifying hydrated
mincl als. This is accmnplishc.d by inc.rcasin.g the
[cmpcralurc  of lhc sarnp]c in a stcpwisc fashion
a n d  mcasur-ing (hc wakr  dctcctcd a n d  sarnp]c
krnpcralurc at cacti s[cp. Wrr[cl-  detection is
accomplished via a micro I’unable IJiodc  1 mcr
(1’1)1,) spcckomctcr.
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lnclu(iing  t h i s  instl  umcnl  on I]IC hfic[oplobc
Mission dcrIIcrns(I  atcs  pcnc.tIaIoI -t)~w(i subsurface
sample collection and gcocllclllistry capal~ility,
‘1’llis cxpmimcnl c:in bc cxkdcd i n  fulutc
II]issirms 10 include quantitative analysis of walct
and olhcr volati]cs,  wllicll  addlcsscs  higtl scicncc
p[ iol itic.s for Mars ancl other planets.

Analvsls  Chamber

accclctt)ltlclcls and Imncltalors for dccl) s p a c e
nlissiol)s IIas no[ I)c.cn clcIIIonshtI[cd ( o  &I(c. At

Icast tlltcc pic7,(msistivc  or pic.z.oclccllic

accclcIoInc.tc  Is w i l l  (IC II IOLInlCd i n  (IIc. Mats
nlicloptot)cs  and will serve two purposes, I:irs(,
accclct o]nc(cl  dala wi I I provide vc.rif]calion of
marlian scril pcnclralion,  and chmaclcrizcs en t ry
conditiol~s  ( e . g .  d e p t h  of pcnchation and
accclc rat ion a 1 impact) fo] tc.clmology
validations. SccotId,  lllc accclcl mnc.[cls wit  I
provide in fo[l[lalion rcgalding gco]ogical
slr-aliflcation;  possil)ly inclu(iing tlic dcplil 10 an
icc layer that is p] cdictcd 10 occur near lIIC surface
and will provicic  information on e.limatc Changm
on Mars.

Sotmrface  Sanlpliag/Wafer l)clcclion
lnslrumcnl

M-c!@ !Q!c)gka!  lLig!kg_MmylrmurQ  SQ!ISW

A s  a n  irnpol-tant step toward validating a
Itlic[ opl obc meteorological net wos k, this mission
wil I include a prcssur-c scnsol on tlw p r o b e
aftbo(ly. I}cmonsllating  a  rnctco[ological
nclwork is of primary scicncc interest for Mare,
Vcnils and ‘1’itan.

A silicon capacitive tnicv omc.chanical pIcssu  I G
t[ansducc~ will bc used in ccsnjunclion  with a
minialut imd hytwid/higtl-g clcctrcmic package..
‘J’lw ?0 fgn sensor will measure an absolulc
lMCSSUI c I angc of O - 12 mbar over an operating
range of -120° ~ to + 50° ~.

II Kr Inal l’ropcr@s.?Jg!~ 2’cm]Jrf@  arc Scnsfo[

“J’wo  tclnpcraturc  sensors will hc mounted al
opposilc e n d s  o f  Ihc Pcnctl ator fo]ctmdy t o
dctcl Il]inc soil conductivity from tllc pcnclralor
cooling cur vc after irlipact. ‘J’llis cxpcrimcn[
validates a mass and Imwcr  cfficicnt rtppr  oact) 10
dclct IIliliing ttlcrlnal propc.lrlics ovc.r ha(iitional
nlclt)ods, in Ihat the surloultding  soil does not
need 10 [)c I]catc.d  to obtain a tcrnpclalurc vs. tilllc
pro fllc. ‘1’llis cxpcrimcnt  a l so  ~cprcscnts  a n
initial step towards a p]anctary heat flow
cxpc.lrilncnt which is of sc.ic.ntific interest  fol
dctc~ mining (I)c thermal cvot u[ion of (hc planets.

~c~rlg  orll~lgs

At thougt I ])c.nctl a t o r  acc.clcromctcrs  arc not a
“new tccllnolrr~,y’>  pcr sc, the application of

SUh4hl  AR1’

‘ l ’ t i c ,  NC.W  M illcr)niun)’s M a r s  MicIoprobc
Mission provictcs  an exciting dcmonshation of a
sui te  of  rlcw [cchno]ogics  for  deep space
lwmlrat(~r  networks. Nctwc)lks  tlavc trmn
idcnlifrcd  as zi kcy scientific ot)jcctivc for the
exploration of dynamic ptanctary systcrns.
‘1 ‘cchnologics sclcctccl for flight will oc. dcvctcywd
by a tcaln of J])],, industry, acaclclnic and other
govcrnlncnt  agcvlcy J~ar(icipants. As part of ttlc
Ncw h~i]]cnnium  l’Jogmin, the Mar-s Micr-oprohc
I’fojc.ct will also cx])lore ncw managcmcn[  and
cnginccring al )prwacl Ics toward dc.vc.loping
incxJ)cnsivc, rapid clcvcloprncnt, planclaly
space.c! aft,

‘J’tlis effort lcprescnts the work of the Mars
Microprot)c l’ligtlt ‘l”carn  a n d  tlm N c w
M i l l e n n i u m  lntc~latcd 1’1 ocluct Ikvclopmcnt
‘1’cams.  ‘1’hc work dcscr itwd here was catl icd out
by t h e  Jc.t 1’I opulsion  1.ahoratory, Glifornia
lnstitutc of ‘1’ecllllo]ogy,,  under a contract with the
National Acronautim aid Space A(lrl~il}ii[i:itiorl.

“’I’IIc Ncw Millellnium l’rc)gram  I’]an”, J] ’I, 11
1262? (internal document) April 14, 1995.

““J’hc  Ncw Mi l l enn ium I’I ograrn  “1’cclmo]ogy
Selection Process l’lan”, JI’I. 1>-13361 (internal

documcno, Jarruar y 1996,
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